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(54) PATTERN FORMING METHOD 

(57) A method of forming a pattern in which produc- 
tion of reaction products in the interface between ah 
organic anti-reflective coating and a radiation sensitive 
material coating is suppressed, the number of residues 
of an etchable layer formed after etching is decreased, 
and which provides a etched pattern having high resolu- 
tion and good dimensional accuracy. According to the 
method, an etchable layer (11) composed of polysilicon 
coating, an organic anti-reflective coating (12), and a 
radiation sensitive material coating (13) composed of a 
chemically amplified resist material containing as acid 
generators both (a) onium salt compound and (b) at 
least one of a sulfone compound and a sulfonate com- 
pound are formed on a semiconductor substrate (10), 
the radiation sensitive material coating (13) is image- 
wise exposed through the mask (14) and developed to 
form a patterned radiation sensitive material coating 
(13b). Thereafter, preferably the anti-reflective coating 
is etched using a mixture gas of S0 2 and 0 2 , further the 
etchable layer is dry-etched to form a pattern of the 
etchable layer. 
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Description 

Technical Field 

5 roOOIl This invention relates to a method of forming a pattern and, more particularly, it relates to a method of forming 
a pattern composed of an etchable layer by conducting dry etching of an etchable layer formed on a substrate for sem- 
iconductor through a mask of patterned radiation sensitive material coating formed on the etchable layer, with an ant- 
reflective coating composed of an organic material being intervened therebetween. 

w Background Art 

[0002] With continuous miniaturization of a system using complicated semiconductor integrated circuits, much finer 
patterns of semiconductor circuits have been formed. With the progress of such miniaturization, .1 has become 
extremely difficult to create complicated circuits on a small size chip according to the pattern lithography method using 
a patterned radiation sensitive material coating as a mask One of the reasons for the difficulty is that, since energy 
beams with shorter wavelength are used for exposure which can be reflected by the substrate or the etchable laye* the 
enerov beams having traveled through the radiation sensitive material coating are reflected in non-uniform directions 
due to non-uniform step difference on the substrate or on the etchable layer, thus the radiation sensitive material coating 
being exposed in areas not intended to be exposed. This results in generation of a number of defects and dimensional 
fluctuation in patterns formed by the lithography method. As one approach to solve this problem, it has been proposed 
to provide under the radiation sensitive material coating an organic anti-reflective coating which can absorb the energy 
beams having passed through the radiation sensitive material coating and thus prevents the energy beams from being 
reflected in non-uniform directions after the energy beams having passed through the radiation sensitive material coat- 
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[0003] A conventional pattern-forming method using this anti-reflective coating will be described below by reference 

[OOoST 3 Ffcrtas fe^shown in Fig.3(a). an anti-reflective coating 3 composed of an organic material and capable of 
absorbing energy beams is formed on an etchable layer 2 deposited on a semiconductor substrate 1 . and a radiation 
sensitive material coating is further formed on said anti-reflective coating 3. Then, the radiation sensitive material coat- 
ing is exposed with energy beam through a mask, and exposed or non-exposed areas of the radiation sensitive materia 
coatina are removed with a developer to thereby form a patterned radiation sensitive material coating 4 composed of 
the non-exposed or exposed areas thereof. Subsequently, the anti-reflective coating 3 is dry-etched using the patterned 
radiation sensitive material coating 4 as a mask to remove those areas of the anti-reflective coating 3 which correspond 
to the openings of the patterned radiation sensitive material coating 4. Further, the etchable layer 2 is dry-etched using 
35 the patterned radiation sensitive material coating 4 as a mask, followed by removing the anti-reflective coating 3 and 
the radiation sensitive material coating 4 to obtain a pattern 2A composed of the etchable layer 2 on the semicoinductor 
substrate 1. as shown in Fig. 3(b). The thus formed anti-reflective coating 3 absorbs energy beam having traveled 
through the radiation sensitive material coating 4 and thus serves to prevent non-uniform reflection even in the pres- 
ence of stepped areas on the semiconductor substrate 1 or the etchable layer 2 and prevent exposure of areas not 
intended to be exposed, thus the etchable layer having the pattern 2A with good dimensional accuracy being formed. 
[0005] Recently, chemically amplified resists have often been used as the radiation sensitive material coatings. How- 
ever it has been found that, in the case of using the chemically amplified resists as the material of the radiation sensitive 
material coating and providing it on the anti-reflective coating, reaction products 5 are formed in the interface between 
the anti-reflective coating 3 and the radiation sensitive material coating 4. When the radiation sensitive matenal coafcng 
4 and the anti-reflective coating 3 are developed or etched under the ordinary condition, reaction products 5 can not be 
removed but remain on the etchable layer 2. If the etchable layer 2 is dry-etched with the reaction products remaining 
the reaction products 5 act as an etching mask, and there arises the problem that as is shown in Fig. 3(b). residues 6 
of the etchable layer 2 are formed in those areas which are intended to be etched away (space areas) or that side wa Is 
2a of the etchable layer 2 which are demanded to be vertical have a non-uniform profile. The residues 6 will be equally 
so formed regardless of the pattern opening ratio of the radiation sensitive material coating 4. that is. regardless of density 
of the pattern Therefore, residues 6 can be formed in a space between patterns in an area crowded wrth patterns. 
[0006] As a method for removing the reaction products 5 formed in the interface between this anti-reflective coating 
3 and the radiation sensitive material coating 4. it may be considered to conduct dry etching under the condfcon for 
removing the reaction product. However, a method of removing the reaction product 5 together wrth toe anto-ref ective 
55 coating 3 by dry etching is not effective as a method of forming a pattern in the etchable layer because of the following 
reason That is removal of the reaction products S requires stronger etching conditions than in the case of removing 
the anti-reflective coating 3. Hence, when enough strong etching conditions to remove the reaction products are 
selected the patterned radiation sensitive material coating 4 having about the same etching properties will be simulta- 
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neously etched away, thus resist pattern with good dimensional accuracy not remaining. Therefore, the patterned radi- 
ation sensitive material coating 4 can not function as a mask On the other hand, if dry etching of the anti-reflective 
coating 3 is conducted under such condition that etching of the patterned radiation sensitive material coating 4 is min- 
imized, reaction products 5 and the anti-reflective coating 3 will be remained a lot on the etchable layer 2. Further, a dry 
etching process involving formation of a deposit on the side wall of anti-reflective coating 3 so as to improve dimension- 
controlling properties for the anti-reflective coating 3 would be liable to cause adhesion of the deposit coming off from 
the side wall of the anti-reflective coating 3 onto the etchable layer 2, and the deposit would in turn function as a mask 
to form residues 6 composed of the etchable layer. 

[0007] Problems to be caused when residues 6 composed of the etchable layer 2 and formed on semiconductor sub- 
strate 1 exist or when pattern side walls 2a of the etchable layer 2 have a non-uniform profile are described in more 
detail by reference to Fig.4. 

[0008] Fig.4 is an enlarged view of the area surrounded by one-dot chain line in Fig.3(b). As is shown in Fig.4, gate 
electrodes 7 composed of polysilicon layer, i.e., the etchable layer, are formed on semiconductor substrate 1, and res- 
idues 6 of polysilicon layer remain in the region between the gate electrodes 7 on the semiconductor substrate 1, i.e., 
source drain region. Side walls 8 of an insulating material such as Si 3 N 4 , TEOS or HTO are formed on the side of gate 
electrodes 7. In order to reduce resistance of resulting integrated circuit elements, surfaces of the gate electrodes 7 and 
the source drain areas are silicidated with TiSi 2 or the like to form a silicide layer 9 covering the surfaces. However, since 
side profiles of the gate electrodes 7 are non-uniform, gate electrodes 7 are partly bared from the side wall 8. The sili- 
cide layer 9 is formed both on the bared area of the gate electrodes 7 and on the surface of polisilicon residues 6. As a 
result, the gate electrodes 7 and the source drain areas are electrically connected to each other through the silicide 
layer 9 on the surface of electrodes 7 or the silicide layer 9 on the surface of polysilicon residues 6, thus an abnormal 
leakage current flowing between the gate electrodes 7 and the source drain areas. 
[0009] As is described above, when an etchable layer 2 made of a conductive .material such as polysilicon is used, 
there arises the problem that wiring patterns formed on the same conductive layer are electrically conducted to each 
25 other through conductive residues 6 or, further, a conductive layer formed on the semiconductor substrate 1 and a wir- 
ing pattern formed on the conductive layer with an interlayer insulating coating therebetween are electrically connected 
to each other through the conductive residues 6 to cause electric leakage between wiring patterns or between the con- 
ductive layer and the wiring pattern, thus performance of a device using the semiconductor integrated circuits being 
deteriorated or yield of the device being reduced. 
30 [001 0] On the other hand, as chemically amplified resist compositions, there are at present known those which con- 
tain (a) an organic material having a substituent or substituents capable of being released in the presence of an acid 
and (b) a compound composed of an onium salt compound capable of generating an acid by exposure with radiation 
(acid generator). Onium salt compounds have such a strong ability of suppressing dissolution of resist that unexposed 
portions of the radiation sensitive material show a smaller dissolution properties for a developer, though they generates 
35 a comparatively strong acid upon being exposed. Therefore the chemically amplified resist containing an onium salt 
compound can provide resist images with good dimensional accuracy and high resolution. On the other hand, it has 
defects that it is liable to form standing wave on resist patterns and, under some process atmosphere, generate an 
insoluble layer on the surface of the resist layer which form an overhung profile of the resist pattern, called T-top. Hence, 
in the case of forming resist patterns using the chemically amplified resists containing onium salt compounds and then 
40 etching the etchable layer, there have sometimes resulted patterns with undesired line width and profile. 

[001 1 ] An object of the present invention is to provide a method of forming a pattern not having the above-described 

[0012^ That is, a first object of the present invention is to provide a method of forming a pattern, which prevents for- 
mation of reaction products in the interface between an anti-reflective coating and a radiation sensitive material coating 
in spite of the presence of the arrti -reflective coating composed of organic materials between an etchable layer and a 
radiation sensitive material coating, thus reducing the number of residues composed of the etchable layer. 
[001 3] A second object of the present invention is to provide a method of forming a high-quality pattern of the etchable 
layer, which provides a resist image having good dimensional accuracy and high resolution without forming standing 
wave and T-top. 

[0014] The other object of the present invention is to provide a method of forming a pattern containing a reduced 
number of residues composed of the etchable layer, which, even when reaction products are formed in the interface 
between the anti-reflective coating and the radiation sensitive material coating, removes the reaction products together 
with the anti-reflective coating upon etching the anti-reflective coating without adversely affecting the patterned radia- 
tion sensitive material coating. 
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Disclosure of the Invention 

[001 5] In the course of intensive investigation to solve the above-described problems, the inventors have found that 
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the reaction products are generated in the interlace between the anti-reflective coating and the radiation sensitive mate- 
rial coating according to the following mechanism. 

[001 61 That is. the anti-reflective coating and the radiation sensitive material coating, which are made of organic mate- 
rials oenerate radicals within them when the radiation sensitive material coating is exposed to light such as UV rays or 
deep UV rays electron beams or X-rays, and the radicals in turn react with each other in the interface of the ant-reflec- 
tive coating and the radiation sensitive material coating to produce aromatic reaction products. It has been found that, 
particularly when an onium type acid generator is contained in the radiation sensitive material coating the aromatic 
reaction products are generated in more amount in the interface between the anti-reflective coating and the radiation 
sensitive material coating. 

[001 71 As a result of various investigation to develop a method of forming a pattern with less generation of the reaction 
products and a less number of residues of etchable layer and a method of forming a resist image with good dimensional 
accuracy and high resolution without forming standing wave and T-tops to thereby form high-quality etched pattern, the 
inventors have surprisingly found that the above-described problems can all be solved by using a chemically amplified 
resist material containing an onium salt compound as a material for the radiation sensitive material coating and a sul- 
fone compound or a sulfonate compound as an acid generator, tt has further been found that the reaction products can 
be removed without adversely affecting the radiation sensitive material coating by using a sulfur-containing etching gas 
as a dry etching material for the anti-reflective coating, thus an etched coating pattern with a less number of residues 
being formed. The present invention is based on these findings. 
[001 8] That is. a first method of the present invention of forming a pattern comprises: 

a first step of forming an anti-reflective coating which is made of organic materials and absorbs energy beams, on 
an etchable layer which is formed on a substrate for semiconductor; 
a second step of forming a radiation sensitive material coating on the anti-reflective coating; 
a third step of exposing the radiation sensitive material coating with energy beam and then removing the exposed 
or non-exposed areas of the radiation sensitive material coating selectively to form a pattern of the radiation sensi- 
tive material coating; and 

a fourth step of dry-etching the etchable layer using as a mask the pattern of the radiation sensitive material coating 
to form a pattern composed of the etchable layer. 

wherein the radiation sensitive material coating is made from a chemically amplified resist comprising (a) an 
organic material containing a substituent or substituents capable of being released in the presence of an acid and 
(b) compounds generating an acid upon exposure to radiation which comprise at least one of onium salts and at 
least one selected from among sulfone compounds and sulfonate compounds. 

[001 9] A second method of the present invention of forming a pattern is as described in the first method, wherein said 
fourth step involves a step of dry-etching the anti-reflective coating with a suHur-containing etching gas and by using as 
a mask the pattern of radiation sensitive material coating to form a pattern of the anti-reflective coating and then dry- 
etching the etchable layer using as a mask the pattern of the radiation sensitive material coating and the anti-ref lective 

coating to form a pattern of the etchable layer. .... . . „ 

[0020] Firstly, the first method of the present invention of forming a pattern is specifically described below by reference 
to Fig 1 An etchable layer 1 1 . which is composed of. for example, polysilicon is deposited on a semiconductor sub- 
strate 10 composed of silicon with an etching stopper such as silicon oxide layer being interposed therebetween then 
an anti-reflective coating 12 composed of organic materials and capable of absoibing energy beams such as light (e.g.. 
UV rays or deep UV rays), electron beams or X-rays is applied on the etchable layer 11. Subsequently, a chemically 
amplified resist material is applied onto this anti-reflective coating 12 to form a radiation sensitive material coating 13 
and exposed with energy beam 15 such as light, electron beams or X-rays through a mask 14. After removing exposed 
areas 13a of the radiation sensitive material coating 13 by dissolving with a developer, the anti-reflective coating 12 is 
dry-etched through the mask of the thus patterned radiation sensitive material coating 13b to create the pattern in the 
anti-reflective coating 12. Further, the etchable layer 1 1 to be etched is dry-etched through the mask of the patterned 
radiation sensitive material coating to create the pattern in the etchable layer 1 1 . Additionally, as the radiation sensitve 
so material so-called negative-working radiation sensitive materials in which energy beam-unexposed areas are removed 
- by dissolving with a developer may also be used in place of the soiled positive-working ones in which energy beam- 
exposed areas are removed by dissolving with a developer. When the patterned radiation sensitive material coating and 
the anti-reflective coating on the semiconductor substrate 10 are removed after etching the anti-ref lective coating, there 
is obtained a pattern of the etchable layer on the semiconductor substrate 10 as is shown in Fig. 2. , 
55 [0021 1 Additionally, in Fig. 2. the surface of gate electrodes 1 6 composed of the etchable polysilicon layer 1 1 and the 
surface of source drain areas between the gate electrodes 16 on the semiconductor substrate 10 are silicdated with 
TiSi, or the like to form silicide layer 18 covering the surfaces. On the side surfaces of the gate electrodes 16 were 
formed side walls 17 composed of an insulating material such as Si 3 N 4 , TEOS or HTO. Since no residues remain on 
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the source drain region and the gate electrodes 1 6 are not bared from side walls 1 7 owing to un.form.ty o tties.de pro- 
files of the gate electrodes 16, the silicide layer 18 is not formed on the side surface of the gate electrode 16. Therefore, 
the gate electrodes 16 and the source drain regions are not electrically connected to each other through the s.l.ade 
laver on the surface of the gate electrode 16 or on the surface of the residues, and no abnormal leakage occurs 

s between the gate electrodes 16 and the source drain regions, thus deterioration of element performance being avoided. 
100221 On the other hand, in the first invention, the radiation sensitive material coating comprises a chemically ampli- 
fied resist material containing (a) an organic compound containing a substituent or substituents capable of bang 
released in the presence of an acid and (b) compounds capable of generating an acid upon exposure to radiation which 
comprise both at least one of onium salt compounds and at least one member selected from the group cons.st.ng of 

w sulfone compounds and sulfonate compounds. This chemically amplified resist material may further contam. rf neces- 
sary dissolution inhibitors, basic compounds and other conventionally known additives. In order to prepare a uniform 
solution of the resist material, solvents are used. These components constituting the resist material are specifically 
described below. 

* , 5 nr ^nic materials mntsinina a substi f»nt nr substituents capable of being released in the presence of an acid 

[00231 As the organic materials containing a substituent or substituents capable of being released in the presence of 
an acid those resins are preferred which are made alkali-insoluble or slightly alkali-soluble (hereinafter referred to as 
-resins containing acid-decomposable groups") by adding substituents capable of being released in the presence of an 
acid (hereinafter referred to as "acid-decomposable groups") to alkali-soluble polymers containing functional groups 
showing affinity for an alkali developer solution such as a phenolic hydroxy! group, a carboxyl group, etc. As the exam- 
Dies of the alkali-soluble polymers for constituting the resins containing acid-decomposable groups, there are illustrated 
vinyl polymers having the recurring unit shown by the following formula 1 or 2. phenol resins such as novolak resin, and 
the lite Examples of the polymers containing the recurring unit of the following formula 1 include poly(hydroxystyrene). 
polythydroxy-a-methylstyrene). poly(hydroxymethylstyrene), etc. and examples of the polymers ^containing the recur- 
ring unit of the formula 2 include homopolymers or copolymers of acrylic or methacrylic acid. Examples of the acid- 
decomposable group to be added include vinyl ether compounds, dialkyl carbonates. Specific examples of the vinyl 
ether compounds are those compounds which are represented by the following formula 3 and. more specifically, .so- 
propenyl methyl ether. 3.4-dihydro-2H-pyrane. butanediol-1 ,4-divinyl ether, ethylene glycol divinyl ether, tr. ethyl enegly- 
coldh/inyl ether etc. are preferred. Specific examples of the dialkyl carbonate include di-tert-butyl carbonate, etc. The 
alkali-soluble polymers and the acid-decomposable groups may be used independently or as a combination^ two or 
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(1) 



wherein R 1 represents a hydrogen atom or an alkyl group, R 2 represents an alkyl group, and m is 0 or an integer of 1 

to 4. 
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diazo-2-methylsulfonyl isopropyl acetate, 2-diazo-2-phenylsulfonyl t-butyl acetate, 2-dazo-2-(4-methylphenylsulfo- 
nyf) t-butyl acetate, etc.; and 

(iv) sulfonylcarbonylalkanes such as 2-methyl-2-(4-methylphenylsuifonyl)propiophenone. 2-cyclohexylcarbony1-2- 
(4-methylphenylsuHonyl)propane, 2-methanesu!fonyl-2-methyl-4-methylthiopropiophenone, 2,4-dimethyl-2-(4- 
methylphenylsulfonyl)pentan-3-one, etc. 

[0026] Of these illustrative compounds, particularly preferred compounds are biscyclohexylsulfonyldiazomethane, 
bisphenyisulfonyldiazomethane. bis(4-chlorophenylsulfonyl)diazom ethane, biscyclohexylsulfonyl methane, bisphenyl- 
sulfonylmethane, bis(4-methylphenylsulfonyl) methane, etc. 

(Sulfonate compounds) 

[0027] As the sulfonate compounds, there are illustrated alkylsulfonates, haloalkylsulfonates, arylsulfonates, imino- 
sulfonates, etc. Examples of the sulfonate compounds are: 

(i) nrtrobenzyl sulfonates such as 2-nitrobenzyl p-toluenesulfonate, 2,4-dinitrobenzyl p-toluenesulfonate. 2,6-dini- 
trobenzyl p-toluenesulfonate, 2.6-dinitrobenzyl p-trifluoromethylphenylsuHonate, etc; 

(ii) alkyl- or arylsulfonates such as pyrogallol trismethane sulfonate, pyrogallol tristrrfluoromethane sulfonate, pyro- 
gallol trisphenyl sulfonate, pyrogallol tris-4-methylphenyl sulfonate, pyrogallol tris-4-methoxyphenyl sulfonate, pyro- 
gallol tris-2,4,6-trimethylphenyl sulfonate, pyrogallol trisbenzyl sulfonate, similar compounds derived from gallic 
acid esters, catechol, resorcinol or hydroquinone; 

(iii) benzoin sulfonates such as benzoin tosylate. benzoin mesylate, etc.; and 

(iv) sulfonic acid esters such as 2,2,2-trifluoro-t-trifluoromethyl-1-(3-vinylphenyl) ethyl 4-chlorobenzene sulfonate, 
2 2 2-trifluoro-1i>tolyl-1-trifluoromethy!ethyl 4-chlorobenzene sulfonate, 2,2,2-trifluoro-1-p-tolyl-1-trifluoromethyle- 
thyl 4-(2-phenoxyethoxy)benzene sulfonate. 2,2,2-trrfluoro-1 -trrf luoromethyM -(4-vinylphenyl)ethylnaphthalene-2- 
sulfonate, 2,2,2-trifluoro-1-phenyl-1-trifluoromethylethyIpropane sulfonate, 2,2, 2-trifluoro-1-trif luoromethyM -(3- 
vinylphenyl)-ethyl 4-butoxybenzene sulfonate, 2,2,2-trifluoro-1,1-p-tolyl-1-trifluoromethylethyl 3,5-dichlorobenzene 
sulfonate, 1 ,3-bis-(2.2,2-trifluoro-1 -methanesulfonyloxy-1 -trifluoromethylethyl)benzene. 1 ,4-bis-(2.2,2-trifluoro-1 - 
methanesulfonyloxy-1 -trif luoromethylethyl)benzene ( etc. 

[0028] Of these illustrative compounds, pyrogallol trismethanesuKonate. pyrogallol tristrifl-ate. benzoin tosylate, etc. 
are particularly preferred. . 
[0029] Contents of the above-described onium salt compounds, sulfone compounds and sulfonate compounds in the 
chemically amplif ied resist material may be any amounts as long as the objects of the present invention can be attained. 
In general, however, the onium salt compounds, the sulfone compounds and the sulfonate compounds are used in 
amounts of 0.5 to 10 parts by weight, 1 to 10 parts by weight and 1 to 10 parts by weight, respectively, based on 100 
parts by weight of the organic materials contained in the chemically amplified resist material and having a substituent 
or substituents capable of being released in the presence of an acid. Mixing ratio of the onium salt compound and the 
sulfone compound and/or the sulfonate compound is such that 0.1 to 5 parts by weight of the onium salt compound and 
0 5 to 10 parts by weight of sum of the sulfone compound and the sulfonate compound is preferably used based on 100 
parts by weight of the organic materials having a substituent or substituents capable of being released in the presence 
of an acid, with 0.5 to 2 parts by weight of the onium salt being more preferable. Additionally, when only, for example, 
the sulfone compound is used, the phrase "sum of the sulfone compound and the sulfonate compound" means the 
amount of the compound alone. If the content of the onium salt compound is less than 0.1 part by weight, the combined 
use of the onium salt compound and the sulfone compound and/or the sulfonate compound fails to provide sufficient 
effects, for example, dimensional difference between line width of pattern in isolated pattern area and that in dense pat- 
tern area becomes great. On the other hand, if the content of the onium salt compound exceeds 5 parts by weight, 
almost no effects of the combined use are obtained, for example, cross section of the formed pattern gives a T-top pro- 
file and becomes taper-like, or when some effects of the combined use are obtained, there result other defects such as 
formation of scum upon development If the content of the sulfone compound and the sulfonate compound is less than 
0.5 part by weight, almost no effects are obtained by the combined use with the onium salt compound. For example, 
sufficient effect of suppressing formation of reaction products in the interface between the anti-reflective coating and the 
radiation sensitive material coating can not be expected to obtain, and serious standing wave is formed. On the other 
hand if the content exceeds 10 parts by weight, there result such defects as that dimensional difference between line 
width" of resist pattern in isolated pattern area and that in dense pattern area becomes great, and that cross sectional 
shape of the formed pattern becomes taper-like. When there are obtained some effects by the combined use of the 
onium salt compound and the sulfone compound and/or the sulfonate compound, there result other defects such as for- 
mation of scum upon development. In the case of using the sulfone compound and the sulfonate compound as a mix- 
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ture the mixing ratio (by weight) is preferably 1 :0.5 to 1:10. Further, as to the total amount of the acid generators, they 
are used in an amount of preferably 1 to 10 parts by weight per 100 parts by weight of the organic materials having a 
substituent or substituents capable of being released in the presence of an acid. 

[0030] In the present invention, formation of reaction products in the interface between the anti-reflective coating and 
the radiation sensitive material coating can be suppressed by using the sulfone compound or the sulfonate compound 
together with the onium salt compound. In addition, when optimum mixing rate of the onium salt and the sulfone com- 
pound and/or the sulfonate compound to the organic materials are selected there can be formed a developed pattern 
with high resolution wherein a strong development-inhibiting effect is obtained in unexposed areas and a high dissolu- 
tion property for a developer is given to exposed areas. 



Di ssolution inhibitor 

[0031 ] Dissolution inhibitors are those substances which themselves contain an acid-decomposable protective group, 
control dissolution properties of the resin having acid-decomposable groups for an alkali developer solution and, after 
being decomposed in the presence of an acid, accelerate dissolution of the resin having acid-decomposable groups 
which are also decomposed to render the resin alkali-soluble. Examples thereof include dibutoxycarbonylbisphenol A, 
dibutoxycarbonylbisphenol F, 4-t-butoxycarbonylphenyl, t-butyl cholate. t-butyl deoxycholate, diphenolic acid tert-butyl 
ester derivatives, tri(hydroxyphenyl)methane derivatives, etc. Typical examples thereof include bis-(4-t-butoxycarbonyl- 
methyloxy-2,5^imethylphenyl)methyl-4-t-butoxycarbonylmethyloxybenzene, etc. 



Basic compounds 

[0032] As the basic compounds, any of both radiation responsive basic compounds capable of being decomposed by 
exposure to radiation and radiation non-responsive basic compounds may be used. Addition of the basic compound 
serves to suppress deterioration of pattern properties even when processing steps are conducted with various delayed 
intervals upon formation of the pattern and can prevent diffusion of the acid produced in exposed areas into unexposed 
areas to thereby prevent reduction of contrast, thus being preferred. The basic compound is added preferably in an 
amount of 0.05 to 10 parts by weight per 100 parts by weight of the organic materials containing a substituent or sub- 
stituents capable of being released in the presence of an acid. As the radiation responsive basic compound, sulfonium 
compounds, iodonium compounds, etc. are preferably used. 

Other additives 

[0033] As other additives, there are illustrated, for example, surfactants, sensitizers, light absorbents, dyes, pigments, 
organic carboxylic acids, leveling agents, stabilizers, low molecular weight compounds, plasticizers, etc. 



Solvents 

[0034] As solvents, any one may be used that can dissolve the components in the chemically amplified resist material 
to form a uniform radiation sensitive material coating. In general, there are illustrated glycol ethers such as ethyleneg- 
lycol monomethyl ether, ethyl eneglycol monoethyl ether, and propyl eneglycol monomethyl ether; glycol ether acetates 
such as ethyleneglycol monoethyl ether acetate and propyleneglycol monomethyl ether acetate (PGMEA); esters such 
as ethyl lactate; and ketones such as acetone, methyl ethyl ketone, cyclopentanone, cyclohexanone and cyclohep- 
tanone. Additionally, aromatic hydrocarbons such as toluene and xylene, acetonitrile. dimethyHormamide, dioxane, etc. 
may also be used as the case demands. 

[0035] As an etching gas to be used for dry-etching the anti-reflective coating, any one may be used that has conven- 
tionally been used for removing organic coatings. Generally, a mixed gas of chlorine gas (Cy and oxygen gas (O2) 
(hereinafter referred to as "chlorine-containing etching gas", a mixed gas of nitrogen gas (Ng) and oxygen gas (O2) 
(hereinafter referred to as "nitrogen-containing etching gas", a mixed gas of sulfur dioxide gas (SO2) and oxygen gas 
(0 2 ) (hereinafter referred to as "sulfur-containing etching gas", and the like are used. Etching properties of each etching 
gas are described below. The sulfur-containing etching gas is preferred since it does not involve the problem that an 
etchaWe layer 2 composed of polysilicon is etched and that dimensional variation and dimensional fluctuation of a pat- 
tern formed in the etchable layer become serious. 

(Chlorine-containing etching gas) 

[0036] The chlorine-containing etching gas has stronger ionic properties, i.e., stronger sputtering properties than the 
sulfur-containing etching gas. Hence, in a dry-etching step for the anti-reflective coating 12, deposition products formed 
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by the etching gas and adhered on the side wall of the anti-reflective coating 12 less come off and adhere onto the 
upper surface of the anti-reflective coating 12, and the etching gas shows large activity of removing the reaction prod- 
ucts formed in the interface between the anti-reflective coating and the radiation sensitive material coating. Therefore, 
the number of residues composed of the etchable layer is small, said residues being formed by the masking function of 
the deposition products or the reaction products. For example, when dry-etching of the anti -reflective coating 12 was 
conducted through a mask of patterned radiation sensitive material coating 13b using the chlorine-containing etching 
gas containing oxygen gas in the same flow ratio as in Example 1 to be described hereinafter, number of the residues 
was measured in the same manner as in Example 1 to find the number being about 5,000/wafer which was less than in 
Example 1 However, the chlorine-containing etching gas was found to cause dry-etching of the etchable layer 1 1 com- 
posed of polysilicon subsequent to the dry-etching of the anti -reflective coating 12. This is attributed to progress of reac- 
tive dry etching wherein silicon (SO of polysilicon in the etchable layer 1 1 reacts with chlorine (Cl 2 ) to form SiCI 4 - Thus, 
in the step of dry-etching the etchable layer 11, its areas having been dry-etched by the chlorine-containing gas 
undergo over-etching, and semiconductor substrate 10 which is not essentially intended to be etched might be etched. 
Therefore though the chlorine-containing gas can reduce the number of the residues in comparison with the sulfur-con- 
taining gas, it also etches semiconductor substrate 10, thus yield of semiconductor integrated circuit devices being 
decreased. 

(Nitrogen-containing etching gas) 

[0037J The nitrogen-containing etching gas also has stronger ionic properties, i.e., stronger sputtering properties than 
the sulfur-containing etching gas. Hence, in a dry-etching step for the anti-reflective coating 12, deposition products 
formed by the etching gas less adhere to the side wall of the anti-reflective coating 12, and the etching gas shows large 
activity of removing the reaction products formed in the interface between the anti-reflective coating and the radiation 
sensitive material coating. Therefore, the number of residues composed of the etchable layer is small, said residues 
being formed by the masking function of the deposition products or the reaction products. For example, when dry etch- 
ing of the anti-reflective coating 1 2 was conducted through a mask of patterned radiation sensitive material coating 1 3b 
using the chlorine-containing etching gas containing oxygen gas in the same flow ratio as in Example 1 to be described 
hereinafter, number of the residues was measured in the same manner as in Example 1 to find the number being about 
5,000/wafer which was less than in Example 1. The phenomenon experienced with the chlorine-containing etching gas 
that the etchable layer 1 1 composed of polysilicon is etched did not take place. 

[0038] - However, in the step of dry-etching the anti-reflective coating 12, the patterned radiation sensitive material 
coating 13b is also seriously etched, and hence there arises a problem that patterned anti-reflective coating suffers seri- 
ous dimensional variation and dimensional fluctuation. This is attributed to the fact that degree of adhesion, on the side 
wall of the radiation sensitive material coating 13b and the anti-reflective coating, of deposition products formed by the 
.etching gas is less than the case of using the chlorine-containing etching gas. Therefore, in the etching step for forming 
" a Tine pattern with 0.25-nm design rule, the sulfur-containing etching gas gives a pattern width of 0.23 pm with thinning 
by about 0.02 \m for the design rule and gives the same dimensional variation in isolated pattern area and in dense 
pattern area whereas the nitrogen-containing etching gas gives a pattern width of 0.18 \sm in an isolated pattern area 
and gives a pattern width of 0.20 pm in an area of 1 :1 in line width rspace width, thus giving a large dimensional variation 
for the design rule and a large dimensional variation between pattern in isolated pattern area and that in dense pattern 
area 

[0039] Accordingly, the nitrogen-containing etching gas has the problem that, though it can reduce the number of res- 
idues in comparison with the sulfur-containing etching gas, it gives large dimensional variation and fluctuation of the 
pattern composed of the etchable layer 1 1 , thus yield of semiconductor integrated circuit devices being lowered. 

(Sulfur-containing etching gas) 

[0040] Although the sulfur-containing etching gas has the problem that it forms more residues on the semiconductor 
substrate 10 composed of the etchable layer 1 1 with the reaction products functioning as a mask, than the chlorine- or 
nitrogen-containing etching gas, it does not cause the problem that the semiconductor substrate 10 is also etched as 
with the chlorine-containing etching gas or that dimensional variation and dimensional fluctuation of the pattern of etch- 
able layer become large as with the nitrogen-containing etching gas. 

[0041] In addition, when the sulfone compound or the sulfonate compound is contained in the radiation sensitive 
material production of the aromatic reaction products in the interface between the anti-reflective coating 12 and the 
radiation sensitive material coating 13 can be prevented as has been described hereinbefore. Hence, when a pattern 
composed of etchable layer 1 1 is formed, the number of residues composed of the etchable layer which are formed on 
the semiconductor substrate 10 can be reduced. 

[0042] Accordingly, when dry etching of the etchable layer 1 1 is conducted using as a mask the patterned radiation 
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sensitive material coating 13b containing the sulfone compound or the sulfonate compound and using the sulfur-con- 
taining etching gas, selectivity for the etchable layer to be etched 1 1 is improved, dimensional variation and dimensional 
fluctuation of the pattern of the etchable layer can be reduced, and the number of residues of the etchable layer formed 
on the semiconductor substrate 10 can be decreased. 

Brief description of the Drawings 
[0043] 

Fig. 1 is a sectional view showing the exposed state of a semiconductor substrate on which the radiation sensitive 
material coating of the present invention is provided. 

Fig. 2 is an expanded sectional view illustrating the effect of the method of forming a pattern according to the first 
embodiment of the present invention. 

Fig. 3 is a sectional view showing the problematical points in the method of forming a pattern according to the con- 
ventional method. 

Fig. 4 is a sectional view of the patterned etchable layer formed according to the conventional method of forming 
patterns. 

Best mode for practicing the Invention 

[0044] The present invention will be described more specifically by reference to Examples and Comparative Exam- 
ples which, however, are not construed to limit the present invention in any way. 

Example 1 

[0045] An etchable layer 1 1 composed of polysilicon was deposited on 200-mm diametrical semiconductor substrate 
10 composed of silicon with silicon oxide layer intervening therebetween as an etching stopper. Then, an organic mate- 
rial of polysuHone copolymer dissolved in a solvent of cyclohexanone was applied on the etchable layer 1 1 to form an 
anti-reflective coating 12 having a thickness of 150 nm. 

[0046] Subsequently, a resist solution, prepared by using 0.567 g of triphenylsulfonium trifl-ate, 3.0 g of biscyclohex- 
ylsulfonyt diazomethane;-7.9 g of a solution of 0.1 mmol/g of triphenylsulfonium acetate (IPSA) \ n propylene glycol 
monomethyl ether acetate (PGMEA) and 0.06 g of Megafac (surfactant made by Dainippon Ink and Chemicals, Incor- 
porated: ingredient for improving filming properties upon coating resist and for improving affinity for a substrate) per 100 
g of poly[p-(1-ethoxyethoxy)styrene-p-hydroxystyrene] and containing the solid components in a content of 15.5 wt % 
in PGMEA, was coated on the anti-reflective coating and baked on a direct hot plate at 90°C for 60 seconds to form a 
0.690- urn thick radiation sensitive material coating. This radiation sensitive material coating was selectively exposed 
through a mask using 248.4 nm KrF excimer laser light, subjected to post exposure baking (PEB) on a direct hot plate 
at 1 10°C for 90 seconds, then paddle-developed for 60 seconds in an alkali developer solution (a 2.38 wt % aqueous 
solution of tetramethylammonium hydroxide (TMAH)) to obtain a positive, line-and-space pattern. Observation of line 
width and cross sectional profile of the positive pattern under a scanning type electronic microscope revealed that it was 
a pattern of 0. 1 8 urn or less with good orthogonality at an exposure amount of 36.0 mJ/cm 2 . 
[0047] Then, the anti-reflective coating 12 was dry-etched with a mixed etching gas composed of suHur dioxide gas 
(S0 2 ) and oxygen gas (O2) through a mask of patterned radiation sensitive material coating 13b to thereby form a pat- 
terned anti-reflective coating. Further, the etchable layer 11 composed of polysilicon was dry-etched using a mixed 
etching gas composed of hydrogen bromide gas (HBr) and oxygen gas (Og) through a mask of these patterned radia- 
tion sensitive material coating 13b and the anti-reflective coating to thereby form a pattern composed of the etchable 
layer 11. In this case, the pattern was formed by changing the space widths of wiring pattern having a design rule of 
0.25 nm with a pattern percentage of about 5 %. Number of the residues having sizes of about 50 nm or more was 
counted to be about 6000/wafer. 

Comparative Example 1 

[0048] The same anti-reflective coating as in Example 1 was formed on the etchable layer composed of polysilicon 
and deposited on a semiconductor substrate, and there was formed the same radiation sensitive material coating as in 
Example 1 except for not containing biscyclohexyisulfonyl diazomethane. When a pattern composed of the etchable 
layer was formed under the same conditions as in Example 1, there were formed about 10000/wafer residues. 
[0049] As can be seen from comparison of Example 1 with Comparative Example 1. the number of residues was 
decreased by about 40 % in Example 1. As a result, leakage current between wiring patterns or between conductive 



10 



EP 0 989 460 A1 



70 



15 



layer and wiring pattern in the semiconductor integrated circuit device can be decreased by about 40 %. 
Comparative Example 2 

[0050] The same radiation sensitive material coating as in Example 1 was formed on the etchable layer composed of 
polysilicon and deposited on a semiconductor substrate without forming the anti-reflective coating. When a pattern 
composed of the etchable layer was formed under the same conditions as in Example 1, there were formed about 

500/wafer residues. . . . 

[0051 ] Additionally, similar evaluation tests to that employed in Example 1 were conducted using, as organic materials 
for forming the anti-reflective coating, DUV-18, CD9, CD1 1 (all manufactured by Brewer Science Co.), AR2 (manufac- 
tured by Shipley Co.), SWK-EX2 (manufactured by Tokyo Oka Kogyo K.K.) to find formation of considerably larger 
number of residues in comparison with Comparative Example 2. It is seen from this that, when the anti-ref lectrve coating 
is intervened between the etchable layer and the radiation sensitive material coating, an increase in number of the res- 
idues can not be avoided in comparison with the case where no anti-reflective coating is intervened. 



Example 2 

[0052] In the same manner as in Example 1 except for using biscyclohexylsulfonyl methane in place of biscyclohex- 
ylsulfonyi diazomethane, there was formed an etched pattern. Number of the residues was about 8400/wafer, thus the 
20 number of the residues being decreased by about 1 6 % in comparison with Comparative Example 1 . 



Example 3 



[0053] In the same manner as in Example 1 except for using bis (3-methylphenylsulfony!)methane in place of biscy- 
25 clohexylsulfonyl diazomethane, there was formed an etched pattern. Number of the residues was about 6000/wafer, 
thus the number of the residues being decreased by about 40 % in comparison with Comparative Example 1. 

Example 4 

30 [0054] In the same manner as in Example 1 except for using 1 .0 g of bis(3-methylphenylsuifonyl) diazomethane in 
place of biscyclohexylsulfonyl diazomethane. there was formed an etched pattern. Number of the residues was about 
4600/wafer, thus the number of the residues being decreased by about 64 % in comparison with Comparative Example 
1. 

35 Example 5 

[0055] In the same manner as in Example 1 except for using 1 .0 g of the compound shown by the following formula 
in place of biscyclohexylsulfonyl diazomethane. there was formed an etched pattern. Number of the residues was about 
6000/wafer. thus the number of the residues being decreased by about 40 % in comparison with Comparative Example 
40 1. 
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Example 6 

[0056] In the same manner as in Example 1 except for using 1 .0 g of pyrogallol trismethanesulfonate in place of bis- 
cyclohexylsulfonyl diazomethane, there was formed an etched pattern. Number of the residues was about 4500/wafer, 
thus the number of the residues being decreased by about 55 % in comparison with Comparative Example 1 . 
[0057] Additionally, in the above-described embodiments of the present invention and Examples, etc., only the anti- 
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reflective coating 12 was dry-etched upon dry-etching the anti-retlective coating 12. and it was not conducted to simul- 
taneously dry-etch the underlying etchable layer 11. In this method, if dimensional variation or an increase in the 
amount of residues or foreign matters is confirmed due to trouble in the step of dry-etching the ant-reflective coating 12, 
the procedures may be made once more from the step of applying the anti-reflective coating after removing the rado- 
tion sensitive material 13 and the anti-reflective coating 12. Therefore, there is the advantage that, when pattern forma- 
tion is conducted with checking wafer properties after the completion of each step, formation of bad wafers can be 
prevented However, the dry-etching step in accordance with the present invention is not limited only to dry etching only 
the anti-reflective coating as described above, but it includes the method of dry-etching, for example, both the anti- 
reflective coating 12 and the etchable layer 1 1 in one and the same dry etching step. The dry-etch.ng method of dry- 
etching both the anti-reflective coating 12 and the etchable layer 1 1 in one and the same dry etching step gives a great 
advantage of shortening the steps. This method is also one useful method of forming a pattern according to the present 
invention. 

Advantages of the invention 

[00581 Accoiding to the method of forming a pattern in accordance with the present invention, when the radiation sen- 
sitive material coating which contains the sulfone compound and/or the sulfonate compound is selectively exposed to 
energy beams aromatic acids released from these compounds effectively suppress radical reaction in the interface 
between the anti-reflective coating and the radiation sensitive material coating, thus formation of aromatic, reaction 
products being prevented in the interface. Hence, when the etchable layer is dry-etched using the patterned radiation 
sensitive material coating and anti-reflective coating as a mask to form a pattern composed of the etchable layer, 
number of the residues formed on a semiconductor substrate and composed of the etchable layer can be decreased. 
[0059] Thus when the etchable layer is a conductive layer, the method of forming a pattern in accordance with the 
present invention can effectively prevent electrical leakage between wiring patterns or between conductive layer and 
wiring pattern in a semiconductor integrated curcuit device wherein wiring patterns are formed on the same conductive 
layer which might be electrically connected to each other through conductive residues or wherein a conductive layer 
and a wiring pattern formed on a semiconductor substrate might be electrically connected to each other through con- 
ductive residues, thus deterioration of the properties of resulting semiconductor integrated circuit device being surely 
prevented. 

[0060] In addition, since the onium salt compound and the sulfone compound and/or the sulfonate compound are con- 
tained as acid generators in the radiation sensitive material /there can be obtained a highly resolved resist pattern hav- 
ing no standing wave effect, not suffering formation of T-top. and having no difference between line width of resist 
pattern in isolated pattern area and that in dense pattern area, leading to formation of a highly resolved etched pattern 
having line width as designed. 

[0061] In addition, in the method of forming a pattern in accordance with the present invention, if the fourth step 
involves a step of dry-etching the anti-reflective coating by the sulfur-containing etching gas using the patterned radia- 
tion sensitive material coating as a mask, selectivity of etching the etchable layer can be improved, dimensional varia- 
tion and dimensional fluctuation of the pattern composed of the etchable layer can be reduced, and number of the 
residues formed on the semiconductor substrate and composed of the etchable layer can be decreased. 

Industrial utility 

[0062] As has been described hereinbefore, the method of forming a pattern in accordance with the present invention 
is useful as a method for forming a fine pattern for manufacturing semiconductor integrated circuit devices. 

Claims 

1 A method of forming a pattern comprising: a first step of forming an anti-reflective coating which is made of organic 
materials and absorbs energy beams, on an etchable layer which is formed on a substrate for semiconductor; a 
second step of forming a radiation sensitive material coating on the anti-reflective coating; a third step of exposing 
the radiation sensitive material coating with energy beam selectively and then removing the exposed or non- 
exposed areas of the radiation sensitive material coating to form a pattern of the radiation sensitive material coat- 
ing; and a fourth step of dry-etching the etchable layer using as a mask the pattern of the radiation sensitive mate- 
rial coating to form a pattern composed of the etchable layer, 

wherein the radiation sensitive material coating is made from a chemically amplified resist comprising (a) an 
organic material containing a substituent or substituents capable of being released in the presence of an acid and 
(b) compounds generating an acid upon exposure to radiation which comprise at least one of onium salts and at 
least one selected from among sulfone compounds and sulfonate compounds. 
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A method of forming a pattern according to claim 1, wherein the forth step involves a step of dry-etching the ant- 
reflective coating with a sulfur-containing etching gas and by using as a mask the pattern of radiat.on-sens.tive 
material coating to form a pattern of the anti-reflective coating and then dry-etching the etchaWe layer using as a 
mask the pattern of the radiation sensitive material coating and the anti-reflective coating to form a pattern of the 
etchaWe layer. 



- 
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